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What is sPHENIX? 

• sPHENIX is a major upgrade to the PHENIX detector. It is a large-
acceptance, high-rate detector for Heavy Ion physics that 
repurposes  >$10M in existing PHENIX equipment, infrastructure 
and support facilities 

• The detector is optimized to measure jet and heavy quark physics 
by incorporating a Tracker, full EM and Hadronic calorimeter 
coverage at || < 1.1,  and a 1.5 T solenoidal magnetic field. 

• It will utilize most of the infrastructure already existing in the 
PHENIX detector complex and the BaBar SC-magnet   

• A bottoms-up project plan has sPHENIX assembled, commissioned 
and ready to take data in January 2022. 
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sPHENIX Reference Design 

• Uniform acceptance -1.1<η<1.1 and 0<φ<2π 

• Superconducting solenoid enabling high 
resolution tracking 

• Hadronic calorimeter doubling as flux return 

• Compact electromagnetic calorimeter to 
allowing fine segmentation at a small radius 

• Solid state photodetectors that work in a 
magnetic field, have low cost, do not require 
high voltage 

• Common readout electronics in the calorimeters 

• High rate 15 kHz in AA allows for large unbiased 
MB data sample 

• Utilization of existing 1008 Infrastructure 

• Compact TPC + MAPS-vertex +Intermediate Si 
Strip Tracking(INTT) layers for Tracker 
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sPHENIX Project Scope and Support Activities 
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s 
sPHENIX is an MIE project costing 30-35M AY$ 

1) sPHENIX MIE Project scope: 
Project Management 
Tracker   
EMCal 
HCal 
Calorimeter Electronics 
DAQ/Trigger 
  

3) Facility upgrade activities 
in support of sPHENIX: 
SC- Magnet (cryo & controls) 
Infrastructure 
Installation/Integration  

2) Ops labor in support of MIE scope 



Context of the  Tracker Review 
• The project is pre CD-0. We expect CD-0 in the Fall of 2016.   

• All designs are pre-conceptual 

• We have chosen technologies for the reference design that allow us 
to do schedule, resource, costing and contingency planning 

• There are a few technical issues that remain open including those in 
the Tracker subsystem. 
– Calorimeter systems are in the 2nd round of prototyping 

– Tracker systems are in the 1st round, though many key components are copies 
of existing systems or far-advanced developments 

• A bottoms-up resources-loaded project plan exists for most of 
sPHENIX though a small number of recent additions to the Project 
need to complete their plan. 

• The earliest we will begin final fabrication is CD-3b (4QFY18), two 
years from now, but we will ask for CD-3a at the time of CD-1 
(1QFY18). The CD-3a will be for certain long lead time items like 
SiPMs and HCal steel. 

•  The RIKEN group has committed to providing a four layer 
Intermediate Si strip Tracker (INTT) with a defined scope to sPHENIX. 
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Status of sPHENIX  

• Positive outcome for the Director’s Cost & Schedule review of sPHENIX, Nov 2015 
– Implemented recommendations to carry 40% contingency at this early stage of project 

– Revised schedule to add 8.5 months of project float. New physics start date Jan 2022 

– Added Tracker subsystem to Project. Had previously been planned as international contribution.  

– Scrubbed the budget numbers 

• Presented sPHENIX funding plan to DOE-ONP Budget Briefing , Feb 2016 

• Low power cold test of SC-Magnet in Bldg 912: joint SMD, CAD, Phys effort, Mar 
2016 
– Preparations underway for a full field test in early CY 2017 

• Successful beam test at FNAL of proposed calorimeter technologies in April 2016. 
– Both EMCal and HCal performance specs met.  Next round of tests Jan 2017. 

• sPHENIX scoping and budget exercise, Apr-May 2016 

• Received Permission from DOE-ONP to remove existing PHENIX detector after 
RHIC Run-16 in preparation for a major upgrade. Removal started Jul 2016 
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Status of the sPHENIX Tracker  
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TPC 

MAPS 

INTT 

 
MAPS was proposed for sPHENIX ~ 1 year ago. It 
is a direct copy of the Inner 3 layers of the ALICE 
ITS. It received a recent boost by the approval of 
a LANL LDRD in support of its development for 
sPHENIX. 
 
The INTT is a new concept in the past few 
months but is the outgrowth of an earlier all-Si 
tracker design for sPHENIX .It is funded by RIKEN 

The Tracker system has three components: 
 Monolithic Active Pixel Sensors (MAPS) Three-layers identical to Inner 

ALICE ITS ( r = 2.3cm, 3.1 cm, 3.9 cm) 

 Intermediate Silicon Strip Tracker (INTT) Four layer Si strip detector. In 
kind contribution to sPHENIX from RIKEN. (r = 6 cm, 8 cm, 10 cm, 12 cm) 

 Compact Time Projection Chamber (TPC) (20 cm < r < 78 cm)  

All cover at minimum |  | < 1.1 and 2p in azimuth 

The TPC has been a  Tracker option in sPHENIX for > 2 years. It is 
built on previous work  for the STAR, ALICE and ILC TPC. 



sPHENIX Commitment Letter from RIKEN 
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Continuation of a 20 year collaboration between BNL and RIKEN during which time RIKEN 
has provided a Muon Spectrometer Arm, Si VTX barrel and Muon Trigger to PHENIX and a 
variety of spin related devices including Siberian snakes and spin rotators to RHIC  



Documentation Made Available to the  Committee 

• Preliminary Conceptual Design Report (Nov 2015) 

• WBS  and WBS Dictionary for Tracker components 

• sPHENIX Science Proposal to DOE plus DOE Review report 

• Basis of Estimate Documents for Tracker components 

• Preliminary Risk Analysis and Mitigation Document 

• Preliminary Safety and Hazard Analysis    

• Preliminary Quality Assurance Plan   

• Report from Nov 2015 Cost & Schedule review 

• TPC and MAPS Project file  
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We have drafts of almost all docs though some, especially the 
WBS dictionaries and BOE docs need more detail 
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sPHENIX Calendar – Many Reviews 
• sPHENIX Proposal submitted to DOE       Fall 2012 

• DOE Science Review 1          July 2014 

• Revised Proposal           Nov 2014 

• Internal Rev of SC-magnet        Dec 2014 

• Internal Rev of  Decommissioning and Installation   Jan 2015 

• Internal Rev of HCal          Feb 2015 

• BaBar magnet arrives at BNL        Feb 2015 

• Internal Rev of Calorimeter Electronics      Mar 2015 

• DOE Science Review 2         April 2015 

• Org Meeting to form new sPHENIX collaboration    Jun 2015 

• Internal Rev of EMCal         Aug 2015 

• BNL-charged Cost and Schedule Review      Nov 2015   

• Formation of new collaboration       Dec 2015 

• Election of Spokespersons/Executive Council     Jan-Apr 2016 

• Internal Rev of TPC/Tracker        Jun 2016 

• Internal Review of MAPs-vertex/Tracker     Jul 2016 

• BNL-Charged Tracker review        Sept 2016 

In addition there have been numerous simulations workshops & topical reviews   
and approximately 500 sPHENIX meetings archived on Indico  



Projected Future sPHENIX Schedule   

  

    CD-0             Fall 2016 

    Director’s Cost and Schedule Review     Nov-Dec 2016 

    Test Beam at FNAL(2nd round prototyping)     Jan 2017  

     OPA-CD-1/CD-3a Review         May-Jun 2017 

     CD-1/CD-3a authorization       Nov-Dec  2017 

     All Preproduction R&D and Design complete   May-Jun 2018 

     OPA- CD-2/CD-3b review         May-Jun  2018 

     CD-2/CD-3b  authorization       Jul-Aug 2018 

     sPHENIX Installed, cabled, ready to commission  Apr 2021  

     First RHIC beam for sPHENIX       Jan 2022 

 

The Resource-loaded Schedule contains 8.5 months of float to Jan 2022 
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Project Organization 
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Project-Collaboration communication through Bi-weekly  
General Meeting. Forum  where both Project and  
Spokespeople update the Collaboration on current issues 



Status of Project Planning 
• sPHENIX resource-loaded project plan has been created  to account for DOE 

schedule guidance, latest subsystem updates, new labor resource sheets with 
FY16 rates, and explicit separation between MIE tasks (DOE 413.3b reportable) 
and off-project support tasks. Plan has existed since the fall of 2015 and has 
been regularly updated to account for design evolution. 

• Input from Project Management team, L2 & L3 managers, subsystem engineers. 
Approximately 40 people contributed to the Project Plan. 

•  >1600 tasks total. The project file is fully resource -loaded and linked (22 files 
total in MS-Project) 
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Support for Progress on sPHENIX Hardware 

Both BNL and outside support have been invaluable in support of 
generic R&D and feasibility studies: 
• BNL has provided funds for the relocation and testing of the BaBar SC-magnet 

• BNL has also provided LDRD and Program Development funds to support 
generic R&D on Calorimetry and Tracker(TPC) technologies of potential use for 
sPHENIX. 

• The EMCal and TPC design have both benefitted for technology developments 
made possible by EIC generic R&D 

• The MAPS-vertex has received significant LDRD support from LANL 

• Japanese funds are being used to support R&D of the Intermediate Tracker 
which would be a 4 layer Si strip detector.  
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Low-Field Test of sPHENIX Magnet - Mar 2016 
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The sPHENIX Magnet was successfully cooled to 4K and ramped to 100A. The field measure 
was exactly as expected for this current. Test was a combined effort of  techs, engineers and 
scientists from SMD, CAD and Physics Dept.  
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Prototyping Various Calorimeter Technologies Using a Test 
Beam Set Up at FNAL 
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Work supported by BNL Program Dev & LDRD funds 



Calorimeter Test Results 

9/7/16 17 

Hadron Resolution 

• Combined energy resolution meets our 
design goal of < 100%/√E 

• Two component fit gives 68%/ √E + 12.9% 

• EM resolution meets our design goal 
of  15% /√E 

• Two component fit using EM shower 
calibration gives 12.7%/ √E + 3.2% 

Calorimeter Performance Specs Met 
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sPHENIX Budget Profile: MIE  
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MIE Total =  29,500 AYk$ 

M&S for the Detector Project including 
Project Management, Tracker, EMCal, HCal, 
Calorimeter Electronics, DAQ/Trigger. 
Project Management Labor split between  
the MIE and Ops Support. 

AYk$ 

Budget Estimate as of April 2016 

Since that time: 
• TPC has created a bottoms-up cost estimate 

including a resource-loaded schedule 
• MAPS has been added to sPHENIX. It has 

created a cost estimate based on the ALICE ITS 
• INTT has been added to the project as a RIKEN 

contribution. 
The TPC is part of the sPHENIX MIE. MAPS may be part 
of the MIE but might also be funded as an independent 
project through a consortium of sPHENIX collaborating 
institutions. INTT is not part of the MIE but its schedule, 
milestones, etc. will be followed as if part of the project. 

 



Issues and Concerns 

• The Tracker design has rapidly evolved over the last year. Need to keep up the 
momentum and continue to expand the institutions working on both the Tracker 
and other sPHENIX subsystems. 
– This is especially true on MAPS were we would like to transform institutional interest into 

commitments over the next few months. 

• sPHENIX needs to be ready for the RHIC 2022 run starting Jan 2022. This will 
require significant cooperation and coordination between BNL, sPHENIX and 
DOE to guarantee resource availability when required. 

• Remaining open technical and design issues should be resolved soon so that the 
project can proceed smoothly to CD-1/CD-3a followed soon after by CD-2/CD-3b. 
– The fast pace of retirement of technical risk must continue through prototype construction, 

bench and beam tests 

• Need to expand the participation of sPHENIX institutions on project tasks. The 
eventual success of the project will be determined by the level of participation 
of collaborators from outside of BNL. 
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Summary 

• sPHENIX has acquired the former BaBar SC-magnet and has performed successful 
warm and low-power cold test. A full-field cold test is scheduled for early CY2017. 

• Good progress has been made in qualifying detector technologies and retiring 
technical risk with work supported by LDRD, Program Development, generic R&D and 
non-DOE funding.  

• The Project Management team has been working together for > two years. The 
sPHENIX collaboration formed in Dec 2015 with election of Co-spokespeople Jan 2016.  
– The project & collaboration have a very busy slate of meetings, reviews, workfests … 

– Recent commitment of RIKEN to provide subdetector to sPHENIX is a very important development 

• Resource-loaded bottoms-up cost estimate exists. Revised to incorporate 
recommendations of Cost and Schedule review, and additional BNL and DOE guidance.   
– Updated cost information from vendors will be updated by  mid-Fall 2016 

– The Project plan, budgets and schedules are updated often, at least once/quarter 

• There are a few open technical decisions yet to be made, but they are significantly less 
than 1 year ago. Some remaining are: 
– Detailed implementation of TPC readout chain 

– Define MB Trigger device  

– Develop mass production techniques for EMCal towers 
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Back-Up 
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TPC : Fully Burdened Bottoms-Up Cost Estimate 
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MAPS : Fully Burdened Bottoms-Up Cost Estimate 
LANL Labor Costs and Overheads 
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MAPS : Fully Burdened Bottoms-Up Cost Estimate 
BNL Labor Costs and Overheads 

9/7/16 sPHENIX Tracker Review 24 



sPHENIX Budget Profile Components: Ops Support  
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Operations Support =  21,900 AYk$ 

Labor to support the Detector  including 
Project Management, Tracker, EMCal, HCal, 
Calorimeter Electronics, DAQ/Trigger.   

sPHENIX Tracker Review 

AYk$ 



Budget Profile of C) Infrastructure and Facility Upgrade   

Labor and M&S for the Infrastructure 
and Facility Upgrade of SC-Magnet 
Infrastructure, Detector Infrastructure 
and Installation/Integration 
 
Infrastructure & Facility Upgrade = 
19,200 AYk$ 
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Sum Total of MIE+Ops Support + 
Facility and Infrastructure Upgrade: 
29,500+ 21,900+19,200 = 70,600 AYk$ 
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sPHENIX  Deconstructed  

Inner HCal + EMCal 

Outer HCal + Magnet 



Tim Hallman’s slide from  RHIC Users Meeting June 9 

Note:  sPHENIX is integral part 
of DOE-ONP Heavy Ion Program 
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